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ABSTRACT 



We study M = 1 Minkowski vacua in compactifications of type II string theory in the lan- 
guage of exceptional generalized geometry (EGG). We find the differential equations gov- 
erning the EGG analogues of the pure spinors of generalized complex geometry, namely 
the structures which parameterize the vector and hypermultiplet moduli spaces of the 
effective four-dimensional M = 2 supergravity obtained after compactification. In order 
to do so, we identify a twisted differential operator that contains NS and RR fluxes and 
transforms covariantly under the [/-duality group, E-jijy We show that the conditions 
for A/" = 1 vacua correspond to a subset of the structures being closed under the twisted 
derivative. 
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1 Introduction 



Since the seminal paper of Candelas, Horowitz, Strominger and Witten [T], the geometri- 
cal perspective in compactifications of string theory from ten to four dimensions had great 
insights. Supersymmetry conditions have been shown to constrain the allowed internal 
manifolds to certain specific classes. When there are no fluxes, the internal spaces should 
be Calabi-Yau. Such manifolds satisfy an algebraic condition, namely the existence of 
a globally defined, nowhere vanishing, internal spinor, and a differential one, that the 
spinor is covariantly constant. The algebraic condition is necessary in order to recover a 
supersymmetric [N' = 2) effective theory in four dimensions, while the differential one is 
required in order to have supersymmetric vacua. In the presence of fluxes, the algebraic 
condition stays intact (i.e., in order to have M = 2 supersymmetry off-shell, a globally 
defined internal spinor is needed), but the differential one becomes more intricate. 

The role of fluxes in string theory, combined with the warped nature of the com- 
pactification, has become of primary interest mainly for the possibility of fixing moduli 
and providing a hierarchy of scales [2]. This motivated the search for a geometric de- 
scription of backgrounds with fluxes, which was very much guided by the framework of 
generalized geometry developed by Hitchin [31 H]. In rough terms, generalized complex 
geometry is complex geometry applied to the generalized tangent bundle of the space, 
consisting of the sum of tangent and cotangent bundles. The parameters encoding the 
symmetries of the metric plus the B-field, namely diffeomorphisms plus gauge transfor- 
mations of B, live on this bundle. This formulation has therefore a natural action of 
T-duality, which exchanges these two. On the generalized tangent bundle one can define 
(generalized) almost complex structures, and study their integrability (integrable gener- 
alized complex structures allow to integrate the one-forms dZ^ and find global complex 
coordinates). Generalized almost complex structures are in one-to-one correspondence 
with pure spinors, which are built by tensoring the internal spinor with itself and with its 
charge conjugate. Spinors on the generalized tangent bundle are isomorphic to sums of 
forms on the cotangent bundle, and the integrability condition for the structure is nicely 
recast into closure of the pure spinor under the exterior derivative twisted by 

Generalized complex geometry was used in [3 E] to characterize = 1 vacua. In 
analogy with the fluxless case, off-shell supersymmetry requires an algebraic condition, 
namely the existence of two pure spinors on the generalized tangent bundle. M = 1 vacua 
require one of the pure spinors to be closed (and therefore the generalized almost complex 
structure associated to be integrable), while RR fluxes act as a defect for integrability 
of the other structure. In order to geometrize the RR fields as well, and give a purely 
algebraic geometrical characterization of the vacua (which would allow, for example, to 
study their deformations, i.e. their moduli spaces, in a model- independent manner), one 
needs to extend the generalized tangent bundle such that it includes the extra symmetries 
corresponding to gauge transformations of the RR fields. Such extension has been worked 
out in [71 [8], and was termed exceptional generalized geometry, alluding to the exceptional 
groups arising in U-duality. In this paper we study compactifications of type II down to 
four- dimensions, where the relevant group is £'7(7). 

The algebraic conditions to have off-shell M = 2 supersymmetry in four- dimensions 

^Integrability condition is actually weaker, it requires {d — HA)^ = X$ for some generalized tangent 
vector X, where $ is the pure spinor corresponding to the generalized almost complex structure. 
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have been worked out in [9] . Very much in analogy to the generahzed complex geometric 
case, they require the existence of two algebraic structures on the exceptional generalized 
tangent bundle (in fact one of them, rather than a single structure, is actually a triplet, 
satisfying an SU{2)fi algebra), which are built by tensoring the internal spinors. The 
S'f/(2)/}-singlet structure, that we call L, describes the vector multiplet moduli space, 
while the triplet of structures (named Ka) describes the hypermultiplets. The M = 1 
preserved supersymmetry breaks the SU{2)r into U{1)r, selecting a vector along this 
?7(1), and a complex orthogonal vector z'^. The complex combination z°'Ka describes the 
A/" = 1 chiral multiplets contained in the hypermultiplet^. 

In this paper we obtain the differential conditions on the algebraic structures L, Ka 
required by A/" = 1 on-shell supersymmetrjl^. The first step is to identify the appropriate 
twisted derivative that generalizes d — HA to include the RR fluxes, or in other words 
to identify the right generalized connection. Such connection is obtained as in stan- 
dard differential geometry by the operation g~^Dg, where g are the i?7-adjoint elements 
corresponding to the shift symmetries (the so-called "B- and C-transforms" ) , and the 
derivative operator D is embedded in the fundamental representation of Ej [9]. The key 
point is that this connection, which a priori transforms as a generic tensor product of 
adjoint and fundamental representations, should only belong to a particular irreducible 
representation in this tensor product, which in the case at hand is the 912. Having 
identified the appropriate connection, we rewrite supersymmetry conditions in terms of 
closure of the structures. The equations we get are given in fl5.12p - fl5.16p . We find that 
A/" = 1 supersymmetry requires on one hand closure of L, as conjectured in [9]. On 
the other hand, the components of the twisted derivative of r^-Ka with an even number 
of internal indices have to vanish, while those with an odd number are proportional to 
derivatives of the warp factor. A similar thing happens with z°'Ka, except that this time 
closure occurs upon projecting onto the holomorphic sub-bundle defined by L. 

The paper is organized as follows: in section [2] we review the basic features of general- 
ized geometry and its extension achieved by exceptional generalized geometry. In section 
|3] we present the relevant algebraic structures for compactifications with off-shell M = 2 
supersymmetry. In section H] we review the constrains on the (traditional and generalized 
complex) structures imposed by on-shell supersymmetry. In section [S] we study super- 
symmetric vacua in the framework of exceptional generalized geometry. In particular, 
we introduce the twisted derivative operator in 15. H we present the M = 1 equations in 
15. 2[ and finally in section 15.31 we outline the proof that supersymmetry requires those 
equations. Various technical details, as well as the full derivation of the equations, are 
left to Appendices Rlto O 

^Thc vectors r° and are also used to identiiy respectively the = 1 D term and superpotential 
out of the triplet of Killing prepotentials in A/" = 2 theories. 

•^Steps in this direction were done in [3] (see also in [5] for the M-theory case), where a set of natural 
i?7-covariant equations was conjectured to describe M = 1 vacua. While the spinor components of such 
equations reproduce those of [5] and are therefore true conditions for susy vacua, other components 
failed to reproduce supersymmetry conditions. 
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2 Generalized geometry 



2.1 Generalized Complex Geometry 

In this section we present the basic concepts of Generahzed Complex Geometry (GCG) in 
six- dimensions (we will restrict to the six- dimensional case, though most of what follows 
can be generalized to any dimension), which will be used as a mathematical tool for 
describing flux vacua. 

In Generalized (Complex) Geometry, the algebraic structures are not defined on the 
usual tangent bundle TM but on TM © T*M, on which there is a natural metric r] 

Following the language of usual complex geometry, a generalized almost complex struc- 
ture (GAGS for short) JT" is a map from TM © T*M to itself such that it satisfies the 
hermiticity condition [J^^rjJ' = rj) and = —lu- One can define projectors II-i- for the 
complexified generalized tangent bundle as 

n± = ^(ii2T^J) (2.2) 

which can be used to define a maximally isotropic sub-bundle (six-dimensional) of TM © 
T*M as the i-eigenbundle of J' 

Lj = {x + ieTM® T*M\Y[+{x + ^) = x + i} . (2.3) 

There is a one-to-one correspondence between a GAGS and a "pure spinor" $ of 0(6, 6). 
A spinor is said to be pure if its annihilator space 

L^ = {x + ieTM ®T*M\{x + S)-^ = Q} (2.4) 

is maximal (here ■ refers to the Clifford action X ■ $ = XjiJ'^^). The one-to-one corre- 
spondence is theE0 

^ $, if = L$ . (2.5) 
One can construct the GAGS from the spinor by 

Weyl pure spinors of 0(6, 6) can be built by tensoring two 0(6) spinors [rj^, yf) as follows 

$+ = e-^'nlrQ, $- = e-'^'n\7il (2.7) 

where the plus and minus refers to chirality, and cf) is the dilaton, which defines the 
isomorphism between the spinor bundle and the bundle of forms. Using Fierz identities, 
these can be expanded as 



= 7r.....n^i)y-"^'= • (2.8) 



k=0 



*The correspondence is actually one-to-many as the norm of the spinor is unfixed. 
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Using the isomorphism between the spinor bundle and the bundle of differential forms 
(often referred to as Clifford map): 

Am,...m,7™^-™'= ^ A^,...^,rfx™^ A ■ ■ ■ A dx^'^ (2.9) 

the spinor bilinears (12 .Sp can be mapped to a sum of forms. Under this isomorphism, 
the inner product of spinors $x is mapped to the following action on forms, called the 
Mukai pairing 

($, x) = ($ A s(x))6, where s{x) = (-)^"*l"/^lx (2.10) 

and the subindex 6 means the six- form part of the wedge product. 

For Weyl spinors, the corresponding forms are only even (odd) for a positive (negative) 
chirality 0(6, 6) spinor. In the special case where t]^ = = rj, familiar from Calabi-Yau 
compactifications, we get 

$+ = e-'^e-'-^ , $^ = -ie-'^n (2.11) 

where J, Q are respectively the symplectic and complex structures of the manifold (more 
details are given in section l4.1.ip . 

Pure spinors can be "rotated" by means of 0(6,6) transformations. Of particular 
interest is the nilpotent subgroup of 0(6,6) defined by the generator 

e=(°°). (2.12) 

with B an antisymmetric 6x6 matrix, or equivalently a two-form. On spinors, it amounts 
to the exponential action 

$^^e"^$^ = $^ (2.13) 

where on the polyform associated to the spinor, the action is e'^^ = {1 — B A +jB A 
B A +...)$. We will refer to $ as naked pure spinor, while <I>d will be called dressed 
pure spinor. The pair ($J,$^) defines a positive definite metric on the generalized 
tangent space, which in turn defines a positive metric and a two-form (the B field) on 
the six- dimensional manifold. 

2.2 Exceptional Generalized Geometry 

Exceptional generalized geometry (EGG) [71 18] is an extension of the 0(6,6) (T-duality) 
covariant formalism of generalized geometry to an -£^7(7) (U-duality) covariant one, such 
that the RR fields are incorporated into the geometry. 

We saw in the previous section that there is a particular 0(6, 6) adjoint action fl2.12p 
corresponding to shifts of the B-field. In EGG, shifts of the B-field as well as shifts of 
the sum of internal RR fields O" = Oi + Og + O5 1, which transforms chiral 0(6, 6) 
spinor, correspond to particular E-j adjoint actions. To form a set of gauge fields that 
is closed under U-duality, we also have to consider the shift of the six-form dual to B2, 
which we will call bE 

^In this paper we will concentrate on type IIA, but most of the statements can be easily changed to 
type IIB by switching chiralities. 

^Equivalently these are shifts of the dual axion i?^^. 
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Decomposing the adjoint 133 representation of -£"7(7) under 0(6,6) x SL(2,'R), we 
have 



133 = (3,1) + (1,66) + (2,32') (2.14) 

where i = 1, 2 is a doublet index of SL(2, M), raised and lowered with ejj, and the 0(6, 6) 
fundamental indices A,B = 1, 12 are raised and lowered with the metric rj in f l2.ip . 
The B-transform action f l2.12p is part of fi^B, while the C-transformations are naturally 
embedded in one of the two 32' representations. Let us call t^* the SL[2, M) vector pointing 
in the direction of the C-field, which we can take without loss of generality to be 

^;^ = (1,0). (2.15) 

The GL{6) assignments of the different components shown in Appendix [Ul indicate that 
the shift symmetries are given by the following sum of generators 

Bv\,(l ^A,v^cA^A (2.16) 



where Vi = eijvK Using (1A.4P it is not hard to show that given this embedding we recover 



the right commutation relations 

[B + B + C-,B' + B' + C-'] =2(0", C-') + B A C'' - B' A C- , (2.17) 

where the first term on the rhs is a six-form and therefore corresponds to a 5 transfor- 
mation and the other two, to an RR shift. 

The fundamental 56 representation of E-j decomposes under 0(6,6) x 5*^(2, M) as 

56 = (2,12) + (1,32) (2.18) 
u = (z/^^, 1,+) . 

It combines all the gauge transformations: vectors plus one-forms correspond to diffeo- 
morphisms and gauge transformations of the B-field. Their 5*^(2, M) dual^ are gauge 
transformations of Bq (given by a five-form, or analogously a vector) and diffeomor- 
phisms for the dual vielbein (sourced by KK monopoles), given by a one- form tensored 
a six-form. Gauge transformations of the RR fields combine forming again a spinor rep- 
resentation, this time with positive chirality. The generalized tangent bundle T © T* is 
therefore extended to the exceptional tangent bundle (EGT) E 

E = TM® T*M © A^T*M © {T*M ® K^T*M) © K^^''''T*M . (2.19) 

In what follows, we will mostly use the decomposition of Ej under 5*^(8, M). The 
fundamental representation decomposes as 

56 = 28 + 28' (2.20) 



^The 5*^(2, R) here is the "heterotic S-duahty", where the complex field that transforms by fractional 
linear transformations is S = B + i.e.~'^'^ . For the connection between this and type IIB S-duality, see 
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where a,b = 1, 8 and = —i^ba- The adjoint decomposes as 

133 = 63 + 70 (2.21) 

where fi°'a = and fiabcd is fully antisymmetric. 

In order to identify the embedding of the gauge fields ( I2.16P in 5*^(8, M), we use the 
GL{6, M) properties of the different components of the adjoint representation given in 
f lail) . We getE 

A = (e'^Bv'v, - v'e'i'Cm + e\^C^Tv, , -|e^C™„pi;, - \Bmne^^ , (2.22) 
or in other words 

A\ = -e^^B , = -e^Cm , A^^ = -e'i'{*C,r 

Amnp2 5 ^mnl2 2-B'nin (2.23) 

where the factors and signs are chosen in order to match the supergravity conventions. 
Here and in the following, * refers to a six- dimensional Hodge dual, while we use -k for 
the eight-dimensional one. 



^7(7) algebraic structures 



In this section we present the algebraic structures in Ej constructed in [9] that play the 
role of the 0(6, 6) pure spinors We start by building the analogous of the naked pure 
spinors, and then discuss their orbits under the action of the gauge fields A in (I2.16p . 

( Km . 

Spinors transform under the maximal compact subgroup of the duality group. In 
the GCG case, this subgroup is 0(6) x 0(6), which acts on the pair {rj^.rf). In EGG, 
the relevant group is SU{8). We can combine the two ten-dimensional supersymmetry 
parameters such that the SU{8) transformation of their internal piece is manifest. The 
most general ten-dimensional spinor ansatz relevant to four-dimensional M = 2 theories 
is 



el 



e2 



C-®^' + C!®^' + c.c. (3.1) 



where C-^ are four- dimensional spinors of negative chirality, and 6'^'^ are never parallel. 
In this paper we will be dealing with equations for A/" = 1 vacua, where there is a relation 
between and C,"^. In that case, we can use the special parameterization 

= f ^ V (^'=i ■ (3-2) 



/ ' V ^ 



^To avoid introducing new notation, we are using the same as in (j2.16p . in particular Vi 
although indices in SL{S,M) are raised and lowered with the metric g given in ()C.2[) . 
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A nowhere vanishing spinor 9 defines an SU{7) C SU{8) structure. The pair [6^, 6"^) 
defines an SU{6) structur^. We can take the SU{4:) spinors to be normahzed to 1. In 
that case the SU{8) spinors are orthonormal, namely 

eie^ = 6/. (3.3) 

where / = 1, 2 is a fundamental SU{2)ji index (for conventions on the conjugate spinors, 
see Appendix [B]). The two spinors can be combined into the following SU{2)ji singlet 
and triplet combinations 

L = e-'t'eije'e' , Ka = ^e'V./^^^j , Ko = ^e-'^6/e'9j , (3.4) 

where we have introduced Kq for future convenience. The triplet Ka satisfies the su{2) 
algebra with a scaling given by the dilaton, i.e. 

[Ka,K,]=2te-'^eabcKc (3.5) 

L and Ka are the Ej structures that play the role of the generalized almost complex 
structures and $~. They belong respectively to the 28 and 63 representations of 
SU{8), which are in turn part of the 56 and 133 representations of Ej. Using the 
decompositions 56 = 28 + 28 and 133 = 63 + 35 + 35 shown in flR3D and (iRiD . they 
read 

L = {e-'f'eue"'e'^ e-'^ene':ef) = {e-%<Jai' O'^^Oj^, 0, O) . (3.6) 

To make contact with the pure spinors of GCG, we note that using the parameteri- 
zation (13. 2p . we get 

i = ( _,(V) t ) p^^' 

where the operation s is introduced in (12.101) . 
Using we get for K± = Ki ± iK2 

while for we get 



where we have defined 

$+ = e~^r,\r,'^ , $+ = 6"^^^? , (3.9) 

We see that L contains the pure spinor which spans the vector multiplets in type IIA 
(see (12. lip ), while Kj^ is built from the pure spinor $~, which is part of the hypermulti- 
plets. contains on the contrary the even-form bilinears of the same SU (4) spinor, or 
in other terms the symplectic structures defined by each spinor (see (12. lip ). 

^Note that an SU (6) structure can be built out of a single globally defined internal spinor 77, taking 

1 ? 
T] = rj = rj. 




8 



To get the SL{8) components of L and Ka, we use (IB.Sp . Using the decomposition of 
the gamma matrices given in flB.9p . we get that the only non-zero components of L and 
Ka are 

L: L^^L™" 
Ki,K2: i^'2™\ i^2™^ i^2"'"^\ ^^2"""^^ (3.10) 

where L^^ and L™" involve the zero and two-form pieces of K^^, f^™"^* contain the 
one and three-form pieces of (where the difference between the two SL{2) components 
is a different GL{6) weight), while contains the different components of and 

In an analogous way as for the pure spinors, the structures L and Ka can be dressed 
by the action of the gauge fields B, B and C~ in f l2.16p . fl2.23p . i.e. we define 

LD = e^e^e-^L, Kao = e^e^e-^Ka . (3.11) 

In the GCG case, the B-field twisted pure spinors span the orbit g^^fl-^ x IR^, where 
SU{3, 3) is the stabilizer of the pure spinor and the R"*" factor corresponds to the norm. 
Quotenting by the C* action c$£), we get the space ^||^ which is local Special 

Kahler. Similarly, our EGG structures L^, and Kao span orbits in which are respec- 
tively Special Kahler and Quaternionic-Kahler. As shown in [5], the structure Ljj is 
stabilized by i?6(2); and the corresponding local Special Kahler space is x U(l). The 
triplet KaD is stabilized by an 5*0* (12) subgroup of E7, and the corresponding orbit is 
the quaternionic space so*{i2)xsuc^) ' "^^ere the SU{2) factor corresponds to rotations of 
the triplet. The S'0*(12) and i?6(2) structures intersect on an SU{Q) structure if L and 
Ka satisfy the compatibility condition 

i^i^a|56 = 0, (3.12) 

where we have to apply the projection on the 56 on the product 56 x 133. This condition 
is automatically satisfied for the structures ( 13. 4p built as spinor bilinears. 



4 String vacua and integrability conditions 

In the previous sections we have presented the relevant algebraic structures that are used 
to describe an off-shell M = 2 four-dimensional effective action. We now turn to the 
differential conditions imposed by requiring on-shell supersymmetry, or in other words, 
by demanding that the vacua are supersymmetric. As we will show, these translate into 
integrability of some of the algebraic structures. 



4.1 Warm up: fluxless case 

It will be useful for the following to recall the conditions for supersymmetric vacua in the 
absence of fluxes. We start by reviewing the integrability conditions in ordinary complex 
geometry, and then re-express them in the language of GCG. 
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4.1.1 Conditions for the structures on TM 

In the absence of fluxes, inserting the M = 2 spinor ansatz (13.21) in the supersymmetry 
condition 5ipm = (see (lF.2p ). we get 

^mO' = . (4.1) 

When there is only one globally defined spinor r/, we take r]^ = rf = rj, and (14. ip reduces 
to the familiar Calabi-Yau condition 

VmV = , (4.2) 

which implies that the SU{3) structure defined by rj is integrable, or in other words 
that the manifold has SU{3) holonomy [10]. The holonomy is defined as the group 
generated by parallel transporting an arbitrary spinor around a closed loop. Riemaniann 
geometries can be classified by specifying the holonomy of the Levi-Civita connection. 
A general Riemaniann six-dimensional space has holonomy 5*0(6) ~ SU{4). However if 
the manifold admits one (or more) Killing spinors, the group is reduced: it lies within the 
stabilizer group. In six dimensions, the existence of a globally defined, nowhere vanishing, 
covariantly constant spinor implies that the holonomy is reduced to SU{3) C SU{4). 

Integrability of an SU{3) structure can also be recast in terms of integrability of 
two seemingly very different algebraic structures that intersect on an SU{3), namely a 
complex and a symplectic one. The existence of a globally defined nowhere vanishing 
spinor is equivalent to the existence of an almost symplectic 2-form J (which defines an 
almost symplectic 5*^(6, M) structure) and a 3-form Q (which defines an almost complex 
GL(3,C) structure). These two structures intersect on an SU{3). If the structures are 
integrable, i.e. if they satisfy 

dJ = , dn = ^An , (4.3) 

for any one-form ^, one can define local complex and local symplectic coordinates which 
can be "integrated" (i.e. there exist local complex coordinates and symplectic ones 
{x^,y^) = 1,2,3) such that the local complex and symplectic one forms dz^, {dx^, dy^) 
are indeed their differentials). If additionally ^ = 0, then the canonical bundle is holomor- 
phically trivial and the manifold is Calabi-Yau. Since J and VL can be written as bilinears 
of the spinor 77, the supersymmetry requirement (14. 2 p is equivalent to the conditions (14. 3 p 
and the additional requirement = 0. 

Note that for an almost complex structure, there are many equivalent ways to check 
its integrability. Instead of the second requirement in (14. 3p . one can find conditions on 
the corresponding map I : TM — >■ TAi0. The almost complex structure I is integrable 
if the i-eigenbundle is closed under the Lie bracket, i.e. iff 

7rzp[7r-|- X, VT-i- y] = 0, Vx, ?/ G TM where = -(1 =p il) (4.4) 

and [ , ] denotes the Lie bracket. As we will see, either requirement (14. 3 p and (14. 4 p will 
have its analogue in generalized complex geometry. In exceptional generalized geometry, 
we will only deal with conditions of the form (14. 3p . 

^"Similarly to the case of GACS, there is a one-to-one (or rather many-to-one (see footnote |4])) cor- 
respondence between a 3-form Q, = dz^ A dz^ A dz^ and a map / satisfying = — 1 such that the 
i-eigenbundle of / is generated by the dual vectors d^i . 
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4.1.2 Conditions for the structures on TM © T*M 



As shown in section 12. 1^ almost complex and symplectic structures on the tangent bundle 
are expressed on the same footing in terms of generalized almost complex structures on 
TM ®T* M . Furthermore, a generic GAGS reduces on the tangent bundle to a structure 
that is locally a product of lower dimensional complex and symplectic structures. 

As in the case of ordinary complex structures, Eq.f l4.4p . a GAGS is integrable if its i- 
eigenbundle is closed under an extension of the Lie bracket to T©T*, i.e. J is integrable 
iff 

n^[n±(x),n±(F)]c7 = 0, \/x,y eTM ®t*m (4.5) 

where the projectors II-i- are defined in fl2.2|] and the bracket is the Gourant bracket 

[x + ^,y + v]c = [x, y] + C:rV - ^y^ - ^d{ixV - hO (4-6) 

with £ the Lie derivative. Again, in a similar fashion to ordinary complex structures, the 
integrability condition (14. 5 p is equivalent to requiring that the pure spinor $ associated 
to J' satisfies 

(i$ = X • $ (4.7) 

for some generalized vector X = x + ^, and where ■ is the Glifford product, whose action 
on forms is 

X-$ = 6^$ + ^A$. (4.8) 

The M = 2 supersymmetry requirement (14.11) that arises in the absence of fluxes, 
translates into 

= , = , (4.9) 

which means that both GAGS are integrable (and both canonical bundles are trivial), or 
in other words that the SU (3) x SU (3) structure is integrable. In the case = = i], 
this reduces to the Galabi-Yau conditions (14. 3 p with ^ = 0. Manifolds satisfying (14. 9 p 
have been termed "generalized Galabi-Yau metric geometries" in [ij^ . They are more 
general than Galabi-Yau's in the sense that the pure spinors need not be purely complex 
or pure symplectic, as happens when rj^ = rf, but can correspond to (integrable) hybrid 
complex-symplectic structures. 

4.2 Flux case in CGC 

In this section we review the results of [H] (in the language of GGG, as in [12]) and 
[6] where the conditions for respectively M = 2 supersymmetry with NS flux only, and 
M = 1 with NS and RR fluxes were found. 

^^Note the addition of the word "metric", to distinguish them from the generalized Calabi-Yau man- 
ifolds defined in [3] that require closure of only one pure spinor, and will play a main role in the next 
sections. 
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4.2.1 Vacua with NS fluxes 



In section [^7T] we saw liow GCG incorporates the B-field, in particular by means of the B- 
twisted pure spinors (12.131) . When B is not globally well-defined, i.e. when NS fiuxes are 
switched on, the B- twisted pure spinors are not global sections of TM © T*M, but they 
are rather sections of a particular fibration of T*M over TM involving the 5-field. For 
reasons that will become clear later, in this paper we choose the alternative "untwisted 
picture" as in where pure spinors are naked (or dressed by just a closed B field), and 
the if-fiux is introduced explicitly in, e.g. the integrability condition^. 

A closed B field is an automorphism of the Courant bracket, while in the presence of 
H = dB fiux, there is an extra term 

[e^^(x + 0, e^^(y + n)]c = e^^[x + ^,y + v]c + e-'^L.tyH (4.10) 

where the action of B is e~^{x + ^) = x + ^ — i^-B . The if- twisted Courant bracket is 
defined by adding this last term to (14. 6p . 

If a GAGS is "twisted integrable" , then the corresponding pure spinor satisfies 

dH^ = X-^ (4.11) 

where the if-twisted differential is 

dH = d-H A . (4.12) 

Note the equivalence between the twisted and untwisted picture. If a naked pure spinor 
is twisted closed, then the dressed pure spinor is closed under the ordinary exterior 
derivative, i.e. 

= du^ = {d- dBA)^ = e^d{e-^^) = e^d^D ■ (4.13) 

This shows how to construct the twisted exterior derivative from the ordinary one, and 
the action of the 5-field 

djj = e^de-^ (4.14) 
which will be extended in section (15. ip to include the RR fiuxes. 

Supersymmetry conditions in the presence of H-fiux amount precisely to if-twisting 
the generalized Galabi-Yau metric condition (14.90 . More precisely, vacua preserving four- 
dimensional M = 2 supersymmetry in the presence of NS fiuxes should satisfy [12] 

= , du^^ = , (4.15) 

i.e. they require iJ-twisted generalized Galabi-Yau metric structures. 

^^We use the terming "twisted picture" to refer to the scenario where pure spinors are dressed by the 
(non-closed) i?-field, and the integrabiUty conditions are given in terms of the ordinary exterior derivative 
(or cquivalcntly the ordinary Courant bracket (|4.6p ). as in P], while in the "untwisted picture" of 
the spinors are untwisted (or just twisted by a closed B), while the iJ-fiux appears explicitly in the 
differential or in the bracket. The two pictures arc equivalent, and depending on the situation one can 
be more convenient than the other. 
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Vacua with M = 1 supersymmetry in the presence of NS fluxes were obtained in |13j . 
and reinterpreted in the language of G-structures in [13]. They read 



dH{e-^^-) = , 
d{e-^^^) = le-'^'*' * H (4.16) 

where are those for an SU{?>) structure, (12.111) . Note that in the second equation 
H does not enter as a twisting in the standard way, and therefore the even pure spinor 
is not twisted integrable. It would be interesting to get the right GCG description of 
M = 1 vacua with NS fluxes. 



4.2.2 Vacua with NS and RR fluxes 



(4.22) 
(4.23) 
e^^ * s(F+) (4.24) 



Compactiflcations on Minkowski space preserving M = 1 supersymmetry in the presence 
of NS and RR fluxes require the spacetime to be a warped product, i.e. 

ds^ = e^^r]^^dx^dx'' + dsl . (4.17) 

The preserved spinor can be parameterized within the M = 2 spinor ansatz (13. 2p by a 
doublet rii = {a,b) such that the supersymmetry preserved is given by e = rije^ , i.e. 

e = ^_®9 + c.c., with 9 = (^^^l ^ , (4.18) 

and we take |?7^p = |?7^p = 1 (while \a\ and \b\ are related to the warp factor, as we will 
see). The vector rij distinguishes a f/(l)_R C SU{2)f( such that any triplet can be written 
in terms of a U{1) complex doublet and a U{1) singlet by means of the vectors 

{z+, z^) = mia'^y-^nj = (a^ -P, -2ab) , (4.19) 

{r+,r-,r^) = mia^Y jn^ = {ab,db, \a\^ - \b\^) . 

Using these vectors, one can extract respectively an A/" = 1 superpotential and D-term 
from the triplet of Killing prepotentials Va that give the potential in the M = 2 theory, 
by 

W = z^Va , V = r^Va . (4.20) 
For type IIA compactiflcations, the triplet Va reads [15] 

P+ = (<l>+,dH$") , = dn^^) , V3 = -{^+,F+). (4.21) 

The conditions for flux vacua have been obtained in the language of GCG either 
using the ten-dimensional gravitino and dilatino variations [6], or by extremizing the 
superpotential of the four-dimensional TV = 1 theory and setting the D-term to zero 
[T6l[T7]. For the case \a\ = \b\, which arises when sources are present, they read 

dnie'^^'^) = 

dnie^Re^'-) = 

^^^(e^^M'-) = 
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where 

$'+ = 2a6$+ , = 2a6$- . (4.25) 

Finally, = 1 supersymmetry requires 

|a|2 + |6|2 = e^ . (4.26) 

Conditions fl4.22p -( H.24p can be understood as coming from F and D-term equations. 
Equation f l4.23p corresponds to imposing D = 0, while fl4.22p and f l4.24p come respectively 
from variations of the superpotential with respect to $~ and 

The susy condition fl4.22p says that the GAGS corresponding is twisted integrable, 
and furthermore that the canonical bundle is trivial, and therefore the required manifold 
is a twisted Generalized Galabi-Yau (see footnote [TTj) . The other GAGS appearing in 
f l4.23p -( 11.24p is "half integrable", i.e. its real part is closed, while the non-integrability of 
the imaginary part is due to the RR fluxes. In the EGG formulation, RR fluxes are also 
encoded in the twisting of the differential operator, and therefore we expect to rephrase 
these equations purely in terms of integrability of the structures defined on the EGT 
space. Note that in the limit of RR fluxes going to zero, Eqs. fl4.22p - fl4.24p for A/" = 1 
vacua reduce to fH?T^ (for F = 0, f lO^ - fOip imply A = 0), i.e. F is a singular 
limit of fl4.22p where supersymmetry is enhanced to A/" = 2. 

On top of supersymmetry conditions fl4.22l) - fl4.24l) . the fluxes must satisfy the Bianchi 
identities 

dH = , dnF = (4.27) 

in the absence of sources, while in the presence of D-branes or orientifold planes, the 
right hand sides get modified by the appropriate charge densities. 

5 Flux vacua in Exceptional Generalized Geometry 

In this section we discuss the conditions for A/" = 1 vacua in the language of EGG. The 
putative conditions for supersymmetric vacua come from variations of the i?7-covariant 
expression for the triplet of Killing prepotentials [9] 

Va = S{Ld, DKao) = Sm e^e-^e-^De^e^e-^i^J . (5.1) 

Here S is the symplectic invariant on the 56 whose decomposition in terms of 0(6, 6) x 
SL{2,M.) and SL{8,M.) are given respectively in flA.ip and flA.lOp . The derivative D is an 
element in the 56, whose 0(6,6) x SL{2,M.) decomposition is 

D = {D'^, D+) = (t;*V^, 0) , where = (0, V^) , (5.2) 

while in 5*^(8, M) we have 

D = {D''\Dat) = {0,lHVm) . (5.3) 

(where we are using again Vi = eijv^ = (0,-1)), DKa in fl5.ip is an element in the 
56 X 133, which is projected to the 56 by the symplectic product. In the second equality 
in (15. ip we have used the Ej invariance of the symplectic product to untwist the structures 
Lo and KaD and express the Killing prepotentials in terms of naked structures, and a 
twisted derivative. We will now see how to properly define this twisted derivative, needed 
to get the equations for vacua. 
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5.1 Twisted derivative and generalized connection 

For the gauge fields A and the derivative operator D-^, ^ = 1, ...,56, one can define a 
connection 0"^^c G 56 x 133 by the following twisting of the Levi-Civita one 

(e^e-^e-^)%Z}-^(e^e^e-^)^c = D^S^c + 'P^'^c • (5.4) 

The connection contains derivatives of the gauge fields. The key point is that in the 
tensor product 

56 X 133 = 56 + 912 + 6480 (5.5) 

only the terms in the 912 representation involve exterior derivatives of the gauge po- 
tentials [TB], while the other representations contain non-gauge invariant terms (like 
divergences of potentials). We therefore define the twisted derivative as 

V = D + T , where J" = e^e^^e~^D e^e^e^^ \ . (5.6) 

The fact that the fiuxes lie purely in the 912 is consistent with the supersymmetry re- 
quirement that the embedding tensor of the resulting four-dimensional gauge supergravity 
be in the 912 |T9]. 



The 912 decomposes in the following 0(6,6) x SL(2,M.) representations 

912 = (2, 12) + (3, 32) + (1, 352) + (2, 220) 

where TaJ^^~ = and J^^^^'^ is fully antisymmetric in ABC. The only nonzero compo- 
nents of the connection (15. 6p are (see Appendix [D] for details) 

J' 1 F 1 -F mnp H^np , (5.7) 

where = e^dC~. 

In the SL{8, M) decomposition, the generalized connection decomposes in the following 
representations 

912 = 36 + 420 + 36' + 420' (5.8) 

•J \-' 1 di •/ abi •/ abc ) 

where J-"*" = J-'"'' and J^"-'"^c = and similarly for the objects with a tilde. The NS and 
RR fiuxes give the following non-zero components 

F22 = *F, , P^^J = -e* ^Fmn • (5.9) 

In applying the twisted derivative to the algebraic structures L and K, the following 
tensor products appear 

VL= DL + TL, VK = DK + TK 

56 X 56 + 912 X 56 56 x 133 + 912 x 133 
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If we think of the vacua equations as coming from variations of the Kilhng prepotentials 
(15. ip . out of these tensor products of representations, the equations should he in the 133 
representation for PL, and in the 56 in VK. We give in flE.ip - flE.16p the fuH expression 
for the twisted derivative of an element in the 56 and an element in the 133. In section 
15.31 we rewrite the only components that are non-zero in the case of = 1 vacua, i.e. 
for L and K whose only non-zero components are those in (13.101) . 



5.2 Equations for M =1 vacua 



By following the same reasoning that leads from the superpotential to the equations 
for = 1 vacua in the GCG set of three equations were conjectured in [5] to 

be the EGG analogue of fl4.22p - fl4.24p . While the spinor component in the 0(6,6) x 
S'L(2,M) decomposition of each equation reproduced the GCG equations fl4.22p -f HyMp . 
other representations did not work. Here, we show that the conjectured equations do 
work if we introduce two modifications: first, instead of using dressed bispinors and an 
untwisted derivative, we use undressed bispinors and a twisted derivative, appropriately 
projected onto the 912. This gets rid of the non gauge invariant terms arising in the 
vector parts of the equations conjectured in [9]. Second, we add a right hand side to the 
equations with a single internal index, proportional to the derivative of the warp factor 
or the dilaton. 

The equations are written in terms of L and Ka using the following parameterisation 
for the spinors 




(5.10) 



With this parameterisation, the combinations that are relevant for A/" = 1 supersymmetry 
are 



L' = e^^L , 

K[ = e\''Ka = e''K^ , (5.11) 



In the language of EGG, Af = 1 supersymmetry requires for L', 

I?L'|^33 = 0, (5.12) 



for VK[\r,H 



{VK[f^ = 0, iVK[\^ = , (5.13) 



0, 




= , 






= 0, 


0, 




= 0, 



^■^We are using the notation in (|2.20p . where a tilde denotes the component in the 28' representation 
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and for VK'^I^q 

{VK'^)mn - = , 

(M;)i2-^(^^)i2 = 0, (5.14) 
{VK'^)"^^ = . 

The remaining components of VK (all with one internal index) are proportional to deriva- 
tives of the dilaton and warp factor as follows 

{VKT' = Ae-^^AK'^^'P, (pK[)m2 = -^e~^%A {2K'^^^i2 + ^^^^2), (5.15) 

{V{e-^K'^)r^ = -Aie-^g^^d,AK'^\ , {V{e^K'^)),^^ = -e^^-^ H^p^K'^'^^'^ (5.16) 

(P(e^i^;))^, = . 

The equations for L, K'^ and K'j^ in fl5.12p -( l5.14p are respectively the EGG version of 
f lO^ . (KTS^ and (Olj) . The vectorial equations are a combination of fHr^ - dOl]) plus 

5.3 From SUSY conditions to EGG equations 

We will sketch here the proof that M = 1 supersymmetry requires fl5.12p - fl5.14p and leave 
the details, as well the proof of Eqs fl5.15p . f l5.16p . to Appendix [Gl 

Using (13.101) in f lE.ip - flE.Sp . we get that the only nontrivial components of Eq. fl5.12p 

are 



iVL')\ = -e<^[zFo + (*F6)]L'i2 _^ ^^^^^ ^ i{*F^)mn]L" 



I 

2' 

32_ 1 



{VLT2 = -VpL'™P + -(*/7)"^"fL;p 



/12 



where we used flB.Tp . while for K[ we get 



5.17) 
5.18) 
5.19) 

5.20) 

5.21) 
5.22) 
5.23) 
5.24) 
5.25) 
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and for K\ 

\ -r'mn 

mi) 12 



I mnp2 



+ 1 



— 2Vr K' ^ 1 + K' 



+ 1 



p'^F K 



/ 2npm 



' ^ -H K 



I pql2 



+ e^{*FiY''K'. 



Ipqm 



(5.26) 

(5.27) 
(5.28) 

(5.29) 

(5.30) 
(5.31) 

(5.32) 



where we should keep in mind that the components of Kj^ with an odd (even) number 
of internal indices are proportional to K2 (K^) (see f l3.10p ). 

We now show that supersymmetry requires fl5.12p . in particular the components ap- 
pearing in ( I5.17P and f l5.18p . The proof for the rest of the components is in Appendix 

EH 

It is not hard to show that exactly the same combination of RR fluxes appearing 
on the right hand side of (15.1 7p is obtained by multiplying Eq. (IG.5p . coming from the 
external gravitino variation, by F^, and tracing over the spinor indices, namely 



= 72 Tr ^T'Ay) = -e<^[zFo + {*F,)]L''' + - + t{*F,)^^] L'^^ = {VL')\ 

where in the second equality the term proportional to the derivative of the warp fac- 
tor goes away by symmetry, and we have used flB.7p to relate the SU{8) and SL{8) 
components of L. Supersymmetry requires therefore (PL') ^2 = 0. 

For the equations that involve a covariant derivative of L"*, we use (IG.ip coming from 
the internal gravitino variation, multiplied by F"'' and we trace over the spinor indices 
(see Eq. (IB.7P ). For ab = 12, for example, this gives 



I2pq 



= ^Tr {T'^A^L') = V^L'^^^ - a^(2A - 0)L'i2 _ lif„„^L'"P + + ^(*F4)p,j7r ..^ 

where n' is defined in flG.2p and flG.3p . Now we use Eqs. flG.4p and flG.6p multiplied by 
F^ and traced over the spinor indices to cancel the terms containing derivatives of the 
dilaton and warp factor. In doing this, the term involving H and F fluxes completely 
cancel, i.e. 

= ^Tr (F^^A^L' + zTU-2A,L' + A,L')) 
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We show in Appendix IG.ll how supersymmetry requires the remaining equations, 
(EH]) and ([52nD, to vanish. 

The equations for K work similarly. For example, to show that (I5.2ip should vanish, 
we use (IG.lip coming from internal gravitino, in the following way 

= - ^Tr \r'^''P'^{e^\K^ 



We combine this with external gravitino equations flG.14p . flG.28p and dilatino equations 
(IG.lSp . (IG.ITP to get (see more details in Appendix IG.2P 



= - ^ Tr [T"'"P^{e'^ApKi) + {r™"\ AeK[ - AdK[}] 



^12 

P 



= - 2VpK;'""^2 + (*if)"*"PK;^ 

= (PifO™" (5.34) 

where we have used the notation in (lG.29p . 

We give the details about the rest of the components of the twisted derivative of K[ 
and in Appendix I G. 21 

We will now connect the equations found to their generalized complex geometric 
counterparts, Eqs. I^M)-<^M> and fOG]) . Eqs. f l538|) -( l5:20|) ) reduce to (ICTj) . The 
right hand side of Eq. (15.170 is proportional to (F,^^), which can be seen to vanish 
by wedging (I4.22P with C~ (this means that actually (I5.17P can be derived from (I5.18P - 
(I5.20p ). The mn and 12 components of the EGG equations for K[ and K'^ combine to 
build up respectively f l4.23p and (I4.24p . Interestingly, Eq. (I4.26P , which is not part of the 
pure spinor equations but has to be added by hand in the GCG language, becomes one 
of the EGG equations, namely the one on the second line of (15.160 . This can be seen by 
using (15:291) and the fact that i^^^ = K'^'^i = -{e^^^-^Hvi? + \V2?) The other vectorial 
components of VK involve for example terms of the form {F, T^^~), which making use 
of (I4.22p - (l4.24p . can be shown to be proportional to derivatives of the warp factor. 

Since f l4.22p -( B:2B]) were shown in [20] to be equivalent to supersymmetry conditions, 
we conclude that the EGG equations (I5.12p - (l5.16p are completely equivalent to requir- 
ing M = 1 supersymmetry, i.e., supersymmetry requires (l5.12p -f l5TT6|) . and (I5.12p - (l5.16p 
implies supersymmetry. 

As mentioned in section [3l L defines an i?6(2) structure in Ej. We have shown here 
that Af = 1 supersymmetry requires this structure to be twisted closed, upon projection 
to the 133. It would be very nice to show that this is equivalent to the structue being 
integrablj^. For constant warp factor and dilaton, also K[ is twisted closed. Most of the 



^^Unlike the case of generalized complex structures, even if there is an exceptional Courant bracket 
[8] , there is no known correspondence between the differential conditions on the structure and closure of 
a subset (defined by the structure) of the exceptional generalized tangent bundle under the exceptional 
Courant bracket. 



19 



components of K'j^ are also twisted closed after projection onto holmorphic indices in the 
56. The vectorial components of VK are proportional to derivatives of the warp factor 
and dilaton, except the second equation in f l5.16p . which does not seem to be expressible 
in terms of such derivatives. 

Acknowledgements 

We would like to thank Diego Marques, Hagen Triendl and especially Daniel Waldram 
for many useful discussions. This work is supported by the DSM CEA-Saclay and by the 
ERC Starting Independent Researcher Grant 259133 - ObservableString. 

A ^7(7) basics and tensor products of representations 

£■7(7) can be defined as the subgroup of 5*^(56, M) which in addition to preserve the 
symplectic structure iS(A,A'), preserves also a totally symmetric quartic invariant. We 
exploit the decomposition of -£7(7) representations under two subgroups 

1. SL{2, M) X 0(6, 6) is the physical subgroup appearing as the factorization of ("het- 
erotic" ) S-duality and the T-duality group that emerges in the framework of gen- 
eralized geometry 

2. SL{8,M.). This subgroup contains the product SL{2,M.) x GL{6,M.), and allows to 
make contact with S'f/(8)/Z,2, the maximal compact subgroup of -£7(7). The latter 
is the group under which the spinors transform, and therefore the natural language 
to formulate supersymmetry via the Killing spinor equations. 

A.l SL{2,R) X 0(6,6) 

The fundamental 56 representation decomposes as 

56 = (2,12) + (1,32) 

For the adjoint 133 of Ej we have 

/i = (/i*j.,/i"^5,/i'-) 
133 = (3,1) + (1,66) + (2,32') 

where = and /i^^ = n'^cv'"^ is antisymmetric. The 912 decomposes as 

0=(0^^0^-+,0^-,0^^^^) 
912 = (2, 12) + (3, 32) + (1, 352) + (2, 220) 

where F^^"^" = and 0*^^^" jg f^Hy antisymmetric in ABC. 



20 



There are various tensor products projected on some particular representation that 
are used throughout the paper. These are: 

56 X 56|j^ (i.e. the symplectic invariant) 

S{u, v) = e.^i^ABy'^y''' + (^^+, i>+) (A.l) 



56 X 56 



133 



[V ■ V 



)\ = 2e,,{u^H^B + i^'^^'s) + (^+, T%u+) (A.2) 



56 X 133 



56 



3 

1 

4 

the adjoint action on the adjoint, i.e. 133 x 133 



(z/ ■ = -^ABT^'^y^ + e,,u'^TA^l'- ; (A.3) 



133 ' 



and 56 x 133 



912 

i 

~ 3" 



(z/ ■ /i)* > = - e,fci.(^'l^r^/i'=)- (A.5) 

A.2 5'L(8,M) 

The decomposition of the E-j representations we use in terms of SL{8, M) are the following. 
For the fundamental 56 we have 

56 = 28 + 28' . (A.6) 

with z/''" = -z/"^ 

The adjoint 133 decomposes as 

133 = 63 + 70 (A.7) 
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with fi'^a = 0, and fiabcd fully antisymmetric. 
For the 912 we have 



912 = 36 + 420 + 36' + 420' (Ai 

with 0'^^ = (j)'"', (f)^^^d = (p^^^^^d and = and similarly for the tided objects. 
The SL{8, M) decomposition of the tensor products is the following. 



The adjoint action on the fundamental, 56 x 1331 i"'^^' 



56 

(z/ ■ fiy' = fi^u'" + fi'y^ + i^fi^'^'ucd (A.9) 

The symplectic invariant 56 x 56 1^ reads 

Siu,i)) = u''%b-i>abi>''' (A.IO) 

The 56 X 56|j^3g reads 

(u ■ = {u^'^hb - \5\u'''kd) + {y'^'ycb - b\u"'ycd) (A.ll) 

o o 

~ ~ 1 ef - h 

■ v)abcd = — 3(z/[afe^'cd] + -^^^abcdefgh^^^^ ) 

where -kfi is the 8-dimensional Hodge dual, while the adjoint action on the adjoint 133 x 
133 1 gives 

(/i ■ fcTb = - A^/^^) - li^r'^i^bcde - ^r'^f^bcde) (A.12) 



(/i- 


f^)abcd — 4(/i^[a/}.fecd]e — P''^ [af^bcd]e) 




The 56 X 133 


is 
















i'y ■ f^r'^d = 


-3(l^^ ^ b- d)+ ^y^ed * 




{l' ■ fJ')ab/ = 






The 912 X 56^33 


gives 





(A.13) 



i ■ u)\ = + i),b(f)'n + - i^^'M (A. 14) 

i^jabcd "^yYlabc i^d]e ~^(^abcdm\m2m,^m4^(P e^^ ) 



^^Note tht this convention differs by a sign in the -kfj, term than the one used in [8l [21]. This choice 
is correlated with the choice in (|E.17p , and affects a few signs in the equations that follow (those in the 
terms involving 
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and finally 912 x 133 is 



2 ~ 

J (As a mim2m3b _ 1 b mim2m3a\ ( A ^ ^\ 

2 

(rh'^i"^2m3 _ imim2m3 N I'AKS'l 

B SU[^) and SU{A) x SU{2) conventions 

The spinor 9°" transforms in the fundamental representation of S't/(8). The standard 
interwining relations 

T\, = ATmA-\ T^,=C-^TmC, {TmT = -D-^TmD (B.l) 

allow to define the conjugate spinors 

6 = 6^ A, e' = Ce^ , 6" = DO* . (B.2) 

Under SU{8), the 56 decomposes according to 

56 = 28 + 28 (B.3) 

while for the adjoint 133 we have 

133 = 63 + 35 + 35 . (B.4) 

where /^"q, = and fia/^-yS = ^fJ'ajS-yS- Note that these are very similar to the SL{8,M) 
decompositions (]A.6p . ( ]A.7p . To go from one to the other, we use for the 56 [8] 



^ab^y^^^a^^-al3^-^ab^^ , (B.5) 
o 

i>ab = - y''^)T''\a ■ (B.6) 

o 

In the main text we use a complex 28 object, defined from its real pieces A"'', \ab in the 
obvious way 

^/2 

j^ab ^ yah ^ ^yab ^ ^^a/^^ab^^ 

From the 63 adjoint representation of SU{8) (i.e. taking ^ap-yS = 0) one recovers the 
following SL{8,M.) components 

— /,° r /3 

/^afe — ^^/^ 13^ ab a 
l^abcd = -jJ''^ P^abc/ a (B-8) 
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where fiba = —fiab and -k^iabcd = —fJ'abcd (the symmetric and self-dual pieces are obtained 
from the 70 representation fi""^^^) and fiab = dacf^'^b (at this point there is a metric since 
SL{8)nSU{8) = S0{8)). 

When breaking SU{8) SU{4) x SU{2), the spinor index decomposes in a pair of 
indices a = al, where a is an 5^7(4) spinor index. For the Cliff (8,0) gamma matrices, 
we have used the following basis in terms of Cliff {6, 0) and Pauli sigma-matrices 

r-"^ = 7™ ® (73 

r^"^ = le ® (Ti (B.9) 
r% = le ® (T2 . 

The intertwiners A,C,D also split into Cliff (Q)^ Cliff (2) intertwiners. In particular, 
C splits as 

C = C^c (B.IO) 

where C is the intertwiner 
We get that 

Cai3 = C^ai (B.12) 

We will use a basis for the Cliff {6, 0) gamma matrices in which A = C = D = I, and 
therefore the 5'[/(4) conjugate spinors are just 

f] = r]^ , rf = rf ^ 7]" = r]* (B.13) 

and ?7„ = 77!j_. In this basis, the SU{8) spinors in fl3.2p have conjugates 

^i* = (0,r/i^) (B.14) 

h = e^^ = {r,'^,Q) . (B.15) 



C G'L(6,M) embedding in 5^(8, M 

The GL(6,M) weights of the different 0(6,6) x SL{2,M.) representations is worked out 
in p. It turns out that the two components of an 5*^(2, R) doublet have different 
GL{6, M) weights. To find the GL[6, M) weight in the SL{8, M) decomposition, we use that 
SL{8, M) D SL{2, M) x GL{6, R) C 0(6, 6) x SL{2, R), where the common GL(6, R) piece 
corresponds to the diffeomorphisms. Decomposing a = (m, z) with m = 1, ..,6 a GL(6) 
index and i = 1,2 an SL{2) index, the embedding of SL{2,R) x GL(6,R) C 5L(8,R) is 
the following 

(deta)-^/^a'"„ 
M%={ rdeta)V4 ndeta)-^/V 

^ V (deta)i/2e-^ 

(deta)-i/^a'"„ 

(deta)"i/^e^ | (C.l) 

{detaf/^e-^ 
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where M G 5*^(8, M), a G G'L(6,M), and we have added exphcit factors of the dilaton 
that are needed in order to get the right transformation properties of the connection. 
Since a six-form transforms by a factor (detf?)^/^ (or equivalently 1/deta), we can write 
the 8-dimensional metric as 

(det(?)"i/Vn 



9ah 








(det^) 



-l/4„-20 












2(f> 



(C.2) 



The different 5*^(8, M) components of 56 representation u = (z/"^, Uab) transform there- 
fore according to 



e (A^r*M) ® A'^T*M 



vi^eC® {A^T*M) ^'^ ® T*M 



i>2m e (S) (A^T*M) ® (T*M ® A^T*M) 



,2m 



G £ ® {A^T*M) ® TM 



i>i2 G (A^T*M) ® A^T*M 



^12^ (A^rM)^'/' 
(C.3) 

where we have introduced a trivial real line bundle £ with sections e G £ to account 
for factors of the dilaton. The adjoint /i = {fi"'b, l^atcd) has the following GL(6,M) and 
dilaton assignments 

= -jj\eR , /a G ® A^T^M , fi\e ®A^TM , fi'^n TM ®T*M 
fi\eC-^®T*M, jj^rn^ C(g)A^TM , /i^iG^^TM, e ® A^T*M , 

/x^np, eA^TM, /i„„pi = £ ® A=^TM , /i^„j,2 = £"' ® A^T^M , /i„„i2 G A^T^M 

Finally, the 912 multiplied by £(x)(A^T*M) (a T-duality invariant factor), transforms 
as 





G £"^ ® M , 


4>[^ G £^ ® A^TM 


r 


G A^TM , 


0'i2 e M 




G £^ ® {A^TMf , 


022 e £^^ ® A'^TW 


mnp 

' g 


G A^TM O T*M , 


0'_/G A^TM^TM 


mnp 


G £2 ® A^^TM , 


0:„„/ G A'TM 


mnp 


G A^T*M , 


0'^,/ G £=' ® A^TM ® A^TM 


mnl 

2 


G C~^(g)A*T*M , 


0'^„i2 G £^ ® A^TM ® A^TM 


mn2 

1 


G £^ ® A^TM ® A^TM , 





(C.5) 



D Computing the twisted derivative 



We show in the following how to obtain the connection from twisting the Levi-Civita 
covariant derivative (15. 2p by the gauge fields B, B and C~ in the 133 representation. 
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Using the Hadamard formula we get for any element A in the adjoint 

e-^Ve^ = V + VA + hvA, A] + l[[VA, A],A] + ... 

2 o 

Using (12.171) we get in the 0(6,6) x SL{2,M) decomposition 

(e^e-^e-^Ve^e^e-^)^e = S^'c^ - V B^^ , (D-1) 
(e^e-V^Ve^eV^)^- =t;*(e^VC-) . 

We now promote the Levi-Civita connection V to an element carrying a fundamental 56 
index, as in (O: D-^ = (t;^V^, 0) and = (0, Vm). Finally, we project to the 912 
representation using the tensor product 56 x ISSj^^^ ^^e subgroup SL(2, M) x 0(6, 6) 
given in (lA.Sp . We recover the simple result 

J~ 2 ; J~ mnp Hmnp : (-^■^) 

where = e^dC~, and all the other components are zero. 

One can alternatively express the connection in terms of the SL{8, M) subgroup. The 
derivative D-^ is given in this case by 

while all other components are zero. Applying this to the gauge fields in (I2.23p . and 
projecting onto the 912 using flA.lSp . we find the following non- vanishing components 



(D.4) 

Notice that the mass parameter F(o) cannot be obtained this way, and should be added 
by hand. Using fIC.Sp . we note that the component (j)^^ transforms as a scalar, and we 
therefore assign 

= e^Fo . (D.5) 



E Twisted derivative of L and K 

Inserting the SL{8, M) decomposition of the derivative and of the fluxes given respectively 
in (15. 3 p and (15. 9p . and the corresponding SL{8,M.) components of the tensor products 
given in flA.lip and flA.14p . we get the following expressions for the twisted derivative of 
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A = (A°^, Xab), projected onto the 133 

m\ = -\v,x^' (E.i) 

iVX)\ = ^V^A'"^ (E.2) 

(VX)\ = -WmX'"" - e^*F6)Ai2 ^ ^^p^~^^^ ^ yF„„A™" - ^{^F^rx^p (E.3) 

(VXr^ = -VpA™P - ^(*i/)''^"PA„p - e'^i*F,)X^^ - e'^i*F,r''Xni (E.4) 

iVX)\^ = VmX'^ + e'^FoX.m + e^i^„„A"2 (E.5) 

iVXr„^ = V^A"2 - ^g-^VpX^' (E.6) 
3-1 3 ~ e*^ 

('^'^)mnp2 2^[™'^"P] ~^ '^H^YipX 2 "^Ip]! ~^FmnpqX ^ (E.7) 

(^'^)mnl2 = ~"V[mA„,]i + -HmnpX^'^ . (E.8) 

To get the twisted derivative of K projected on the 56, we use the tensor products 
fOCQj) and fOTTSj) . We find 

(PK)'"" = -2VpK"*''^2 + {*H)"'''PK\ + e'^(*F4)'""K^ (E.9) 

(^n^n = -2V[^i^\] + e<^F^„i^^ (E.IO) 

{VK^^ = 2Vpi^™P^2 + e^FoK'^i - e*(*F4)™"K\ - e'^F^pK^"^'" (E.ll) 

(^mi = -V„^i^'^ (E.12) 

(Pi^)™2 = o (E.13) 

(^m2 = -Vpi^^^ - H^pgK^''' - e\*F,)K\, - e^F^^K\ 

+ e^{*F,Y''K,,,^ (E.14) 

{VKY^ = -e'f'FoK'^i (E.15) 

= -V„i^"i - ^H^p.K'''^'^ - e^{*F,)K\ (E.16) 

where we have used that 

which is a consequence of fact that K is purely in the 63 of SU{S). 



27 



F Super symmetric variations for the J\f = 1 spinor 
anstaz 



The supersymmetry transformations of the fermionic fields of type IIA read, in the demo- 
cratic formulation [22] 

5iJM = Vmc + \flMVe + ^e* ^fl^^^) T^Pn e , (F.l) 

n 

SX = L<p + ^^v] e + ^e* ^(5 - n)f i.^") P„e . (F.2) 

^ ^ n 

where V = —a^ and Vn = (— C3)"^^o"i. We use the standard decomposition of ten- 
dimensional gamma matrices 

the Poincare invariant ansatz for the RR fluxes 

Hn^ = F2n + V0I4 A F2„„4 whcre F2„„4 = (-1)^"*["1 *6 i^io-2n (F.4) 

and we notice that, according to ( IB.Qp . V = iT^"^, Vq = V4 = F^, V2 = = — «F^, 
7™Po = -iV^^ and 7™P2 = F^^^H. 

We use the M = 1 spinor ansatz fl4.18p . parameterised using two internal spinors, 
namely 9 = 9^ + 9"^ , where 9^ , 9"^ given in f lS.lOp . we get from the internal components of 
the gravitino variation that M = 1 supersymmetry requires 

= ^ W^9^ + ^//„„pF"Pi2^i - ^/^iF^^2 ^ Q ^ ^p_5) 

o o 

and the same exchaging 1 o 2, where we have defined 

pi = -z^hT^ + f^aT' (F.6) 
in terms of the "hermitean" and "antihermitean" pieces of F, namely 

Fh = ^{F + s{F)) = Fo + F4 , Fa = ^{F - s{F)) = F^ + F, (F.7) 

and finally 

= ^F,„„,r-'- . (F.8) 
nl 

We will also need the equations involving 9, which is 

Vm9' - '-H^npO'T^""' + ^PT^pi = , (F.9) 

o o 

From the external gravitino variation, we get that A/" = 1 vacua should satisfy 

^^^^ = ^ ip,A9^ + ^p,9^ = 0, (F.IO) 



^^To avoid clustering of determinant factors, in this section we use the basis for Chff(8) gamma matrices 
in (jB.gp without the determinant factors. 
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and similarly exchanging 1 and 2, where 

p, = p,j:^ -ipj^ (F.ii) 

and 



M = ^-^r'"i • (F.12) 

The hermitean conjugate equation reads 

Z^Vc^ +^^2^e = 0, (F.13) 

From the dilatino variation, we get 

= ^ + li/^„pr-"p^i + ^/^d^' = (F.14) 

where we have defined 

/^d = (5 - n)/^e . (F.15) 
The hermitean conjugate equation reads 



^0%<P - ^Hmnve^V^''^ + = (F.16) 



G T)L and T)K versus J\f =1 supersymmetry 
G.l VL 

Multiplying Eq. flR5|) (coming from the internal gravitino variation) for the covariant 
derivative of 6^ (6'^), on the right by e'^^~'^9'^ {e'^^~'^9^), and substracting the two equa- 
tions, we get the following equation for the covariant derivative of L' 

{^mL'T^ = V.r.L''^^ -drn{2A-<i))L'-^ + -^{iH^^,T-^'^Lr^ -^^^ = . (G.l) 

where we have defined 

We will also need the SL{8) object vr"*^'^, which we define to be 

^/2 

Multiplying ( iRlOll (coming from external gravitino variation on 6^) by 6'^, and sub- 
stracting to the equation with 9^ and 9^ exchanged, we get the following equation 

{A,Lr^ = id^A {V-^^^LTP + ^(/^evr)"'' = . (G.4) 
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If instead we multiply fIF.lOp by 6^ and substract the corresponding equation for 6'^ 
multiplied by 6"^, we get 



(AeTT)"^ = td^^A (r™^2^)"/5 + ^{^.L)''^ = . (G.5) 
Doing the same on the dilatino flF.14p we get 

{A,Lr^ ^ zd^<P (T^^^ir^ + LH^^^{T"^-PLr^ + ^(/^dvr)"^ = , (G.6) 

and a similar equations with L and vr exchanged, that will not be used. 

We show here how supersymmetry requires equations fl5.18p - fl5.20p to vanish. For 
each of them, we use f lG.ip plus /g times f lG.4p and times f lG.6p . and take in the one to 
last step 

le = -2, ld = l. (G.7) 
We show that susy requires Eq. fl5.18p to vanish by 

a/2 

- + + 3/,) - z(*F4)(l + h + h)V^^\n 

o 

= m'Ym , (G.8) 

To get f l5.19l) we do 

=^Tr (-F'^'^A^L' + iT'^^^UAaL' + hA^L')) 
= - VpL'™^' + dn{2A - (l))L"^^ + dnihA + /rf0)L""" + ^(3 - ld){*Hr^'^L'^^ 

- ^[Fp,{-1 + h + 3ld) - ti*F^)pqil + le + ld)W'P''m 

8 
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while for f l5.20p we use 



\f2 

=— Tr (3ir[m,„|Ap]L' — Tmnpuild^dL' + leA^L')) 

o 

3z 3 3 

1 3 

+ ^[Fo(-3 + k + 5k) - Z(*F6)(3 + k- ld)W2mnp 



+ 3 — + + 3ld) + (*F4)h,(1 + + ld)W^''\np] 



-{VL') 



mnp2 
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G.2 VK 

We define the following quantities 

K', = e^J^o , K[ = e^i^i , K'^ = e'^K^ , K'^ = e'^K, . (G.9) 
Combining (IF.Sp multiplied by 9 with (1F.9P multiplied by 9, we obtain 

o o 

(G.IO) 
(G.ll) 

A^K2 = e-^Vmie^K^Tp + '-HmnA^^^'^K " KV^^'^fp - ^^[r^TmK', + K'.T^^^r^ = 

o o 

(G.12) 

o o 

(G.13) 

where the factors of the dilaton inside the covariant derivatives are there to cancel the 
explicit dilaton dependence of K (see (13. 6p ). 

Multiplying the external gavitino or dilatino equation, Eqs. fIF.lOp and f lF.14p by 9"^ 



on the right, and adding it to the same equation with 9^ and 9^ exchanged, we get 

[A.K^Yp = z9„,A[r-i2^i]-^ + ^[peKorf, = , (G.14) 
{A,K,)% = zdm(l)[T"'''K,rp + ^H^.pA^^p'K^Tp + ^^WdKoTp = • (G.15) 

We can also use the complex conjugate equations flF.13p . flF.16P multiplied on the left 
by 9"^. This gives 

{K^AXp = td^AiK^T^^'^r^ + ^[Ko^rp = , (G.16) 

{K^A.r^ = zd^(j)[K^T^'']% - ^H^„[KiT'^''Tp + "^WdTp = (G.17) 

(G.18) 
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We will also need the corresponding equations mixing and K2 







4 




(G.19) 


^ 0*— *e / p 








(G.20) 










(G.21) 










(G.22) 



(Aei^2)"/3 =^a^A[r'"12j^^]a^ ^ ^ j[yPei^3]"/3 = (G.23) 



(i^2Ae)"^ =%d^A\K2Y^^''Y ^ - i^-lK^KTp = (G.24) 
(A,J^2)"/3 =id.^(l>[T'^^''Krrp + ^i/^p,[r"^^"?i^i]°/3 + i^1[P^K^Yp = (G.25) 

(i^'2A,)"^ =id^,(l)[K^T'^^Xp - ^^,npJi^ir'""T/3 - 4[^3/^d]"/3 = (G.26) 
and the following ones involving Kq and Ki 

{KKoTp = 29^A[r™12/^o]"/3 + j[/^ei^l]"/3 = , (G.27) 

(KoA^r^ ^ td^A[KoT"^''rp + ^ [lUrXp = (G.28) 

Given a generic K and product of gamma matrices r"^ "'^' we will make use of the 
following type of combinations 

Tr ([r"i-"% AJiT) = Tr {{T"^Ad - AdT'''-''^)K) = Tr {T"^AdK - KAaT"^-''^) . 

(G.29) 

and similarly for the anticommutator. 
G.2.1 VK[ 

We want to show that susy requires (15.131) and (15.151) . We recall that as shown in (l3.1Up , 
Ki has only nonzero components with an odd number of internal indices. 

The idea is to reconstruct the twisted derivative of the corresponding K' appearing 
in each of the equations by summing an equation coming from internal gravitino (which 
gives a covariant derivative of K with no dilaton or warp factors) together with equations 
coming from external gravitino plus dilatino, which contribute the required derivatives 
of dilaton and warp factor. 

We start by showing that susy requires (I5.2ip to vanish. We use the following com- 
bination of equations: (IG.lip coming from internal gravitino, (IG.14p and flG.28p from 
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external gravitino, and (IG.lSp . (IG.17P from dilatino (the last four multiplied by arbitrary 
coefficients Ue and n^, that will be set to rtf. = 1,77,^ = —1). 

= - iTr {T^^P\e^^pK,) + {T^^\ (n^A^ + nd^,)}K[) (G.30) 



mnp2 



where in the third equality we have used the values ng = 1, = — 1. 
To show that (15.221) vanishes, we use 

= - ^Tr (2r2[„(e^A„]iri) - z[r'""\ n,^, + n.AJi^Q (G.31) 



- 2e^-<^V[„(e<^A'i\]) - 2dym{neA + nd<p)K[ 



12 

n] 



1 



+ ^e-2^+'^Fp,(2 + ne + 3nd)i^;P''^„ + ^e-2^+<^(*F4)[„|^(ne + na)K'^^\^-^ 

= (^)mn 

where we have chosen again ng = 1, = — 1. 
To show that (I5.23P vanishes, we use 

= _ iTr (zr"i(e^A„i^i) + r2(nrfArf + neAg)i^;) (G.32) 
= - e^-<^V„(e^J^i"i) - dp{n,A + n,(P)K'/, - ^i7p,,(3 + n,)i^[2p,r- 





4 

=(^)i2 (G.33) 
where we have used again rie = 1, = — 1. 
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For the vectorial equation (I5.24p . we use (IG.lSp and flG.20p to get 

= Tr (-e^A„A'3 + A'^AeF™) (G.34) 

where we have used K2 = KiT^"^ and Kq = —iKsT^"^, and in the last line we have used 



([EMD. For the last equation fl5:25|) we use flaTOj) and flOTQl) 

= Tr [e'^AmKo + iK'^AeT"") (G.35) 

= Aie^d^AK^\ - Se^AKsm"'^ + (^)^2 

where in the second equality we have used again Kq = —iKsT^"^, and in the third equality 
we have used fl5.16p (which will be shown to hold below). 



G.2.2 VK'_^ 

The other set of equations involves 



(G.36) 



From (13.1 op . we see that Kj^ with an odd number of internal indices is proportional to 
while for an even number of internal indices, Kj^ is proportional to i^s. 

To show the first equation in (15.140 . we use flG.12p . flG.23P and flG.25p to get 



=^Tr {V^^P^e^^'ApK^) + iV^^\nAeK + ^dA^i^a)) 



(G.37) 



+ ^(1 + nd)H^npK'l'' + in,Hpg[^K'^P''\rr] + ^(3 + n,){*Hr^^PK'^p 
+ ^ (Fo(ne + 5n,) - i{*Fe){-A + - n^)) i^f" 
+ ^ (^F"^"(4 + rie + 3n,) - (*F4)"^"(ne + n^)) i^f 
+ ^ (^(*F2)"^%(ne + 3n,) - F"^%(ne + n,)) 



+ (F[™lp(n + 3nrf) - z(*F4)Hp(_2 + + n,)) if: 



•/pl2|n] 



35 



and 



=^Tr (22r2[„(e3^A^]i^2) - T^^,{n,A,K', + n,A,i^^)) (G.38) 



2 



+ ^ (zFo(2 + rie + hud) + (*F6)(ne - rirf)) K'^^^ 

- — {Fmn{ne + ^Ud) + i(*-F4)m„(2 + Tig + Tlrf)) K"^^^ 
o 

+ e*^ (iF[m|p(ne + Sn^) + {*Fi)[m\p{ne + n^)) J'^+'^^V] . 

Note that in the NS sector Kj^ reduces to K21 while in the RR sector it is proportional 
to K3. We combine these two, choosing tie = \,nd = and we get 

=^M) -i^M 
For the 12 components we use 

+ y (-Fo(6 + ne + 5nd) + i * FqK - Ud)) K'l^ 

- ^ {iF^n{n, + Srirf) - (*F4)™,(-2 + n, + n,)) iTf 
o 



+ 



={VK'^\2-i{VK'^\2 ■ (G.39) 
where we have chosen rie = 3, ra^ = — 1. 

We are left with the vectorial components. The last equation in (I5.14p is trivial (see 
(IE.13P ). To show the ml component, we use 

= -^Tr {r'\e'^A^K-s) +tn,{A,,r^}K',) 



{VK'^)^a-dm{^A-<P)K 



112 
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where we have taken rig = 1. 

For the {VK')m2 equation, we first note that supersymmetry requires their RR pieces 
to vanish by itself, namely 



m2 



while in the ml equation, the RR piece is proportional to a derivative of the warp factor. 



I.e. 



=Tr (e^^A'^J^o) = Ate^^VmK+\ + {FoK'^""^ - {*Fi)"'PK'^\ - F^K'l^'^'^) 

=m,r.AK'^\ + 7RR\ 



I ml 



Then we use 

=^Tr {iT'^^^^e^^A.K^) + [F'", n^A, + nrfA,]i^^) + J-^^f"' + AidmAK'^\ 



/ml 



where in the last equality we have chosen rig = 3,nd = —2. For the m2 component, we 
use 



=^Tr (F^^e^^ApA'a - z[F„i2, Ae + n^AJ A'^) + J'rr 



m2 



m2 



+ Fpg(l + ne + 3nd)K+^'^m + (*i^(4))mp(-3 + rZe + nd)K'l^ 
where here we have inserted rig = 5, = — 2. 



References 

[1] p. Candelas, G. T. Horowitz, A. Strominger and E. Witten, "Vacuum Configurations 
For Superstrings," Nucl. Phys. B 258 (1985) 46. 

[2] S. B. Giddings, S. Kachru and J. Polchinski, "Hierarchies from fluxes in string 
compactifications," Phys. Rev. D 66, 106006 (2002) [arXiv:hep-th/0105097]. 

[3] N. Hitchin, "The geometry of three-forms in six and seven dimensions," J. Diff. 
Geom. 55 (2000), no.3 547 [arXiv: math.DG/0010054], 



37 



N. Hitchin, "Stable forms and special metrics," in "Global Differential Geometry: 
The Mathematical Legacy of Alfred Gray", M.Fernandez and J. A. Wolf (eds.). Con- 
temporary Mathematics 288, American Mathematical Society, Providence (2001) 
[arXiv:math.DG/0107101], 

N. Hitchin, "Generalized Calabi-Yau manifolds," Quart. J. Math. Oxford Ser. 54 

(2003) 281 [arXiv:math.dg/0209099]. 

[4] M. Gualtieri, "Generalized Complex Geometry," Oxford University DPhil thesis 

(2004) [arXiv:math.DG/0401221]. 

[5] M. Grana, R. Minasian, M. Petrini and A. Tomasiello, "Supersymmetric back- 
grounds from generalized Calabi-Yau manifolds," JHEP 0408 (2004) 046 [arXiv:hep- 
th/0406137]. 

[6] M. Grana, R. Minasian, M. Petrini and A. Tomasiello, "Generalized structures of 
N=l vacua," JHEP 0511 (2005) 020 [arXiv:hep-th/0505212]. 

[7] C. M. Hull, "Generalised geometry for M-theory," JHEP 0707, 079 (2007) 
[arXiv:hep-th/0701203]. 

[8] P. P. Pacheco and D. Waldram, "M-theory, exceptional generalised geometry and 
superpotentials," JHEP 0809 (2008) 123 [arXiv:0804.1362 [hep-th]]. 

[9] M. Grana, J. Louis, A. Sim and D. Waldram, "E7(7) formulation of N=2 back- 
grounds," JHEP 0907 (2009) 104 [arXiv:0904.2333 [hep-th]]. 

[10] D. D. Joyce, Compact Riemannian 7-Manifolds with Holonomy G2. I, J. Diff. Geom. 
43 (1996) 291-328 

[11] S. J. . Gates, C. M. Hull and M. Rocek, "Twisted Multiplets And New Supersym- 
metric Nonlinear Sigma Models," Nucl. Phys. B 248, 157 (1984). 

[12] C. Jeschek and F. Witt, "Generalised G(2)-structures and type IIB superstrings," 
JHEP 0503, 053 (2005) [arXiv:hep-th/0412280]. 

[13] A. Strominger, "Superstrings with Torsion," Nucl. Phys. B 274 (1986) 253.; 
C. M. Hull, "Superstring Compactifications With Torsion And Space-Time Super- 
symmetry," in Turin 1985, Proceedings, Superunification and Extra Dimensions, 
347. 

C. M. Hull, "Compactifications Of The Heterotic Superstring," Phys. Lett. B 178 
(1986) 357. 

[14] J. P. Gauntlett, N. W. Kim, D. Martelli and D. Waldram, "Fivebranes wrapped 
on SLAG three-cycles and related geometry," JHEP 0111 (2001) 018 [arXiv:hep- 
th/0110034]. 

J. P. Gauntlett, D. Martelli, S. Pakis and D. Waldram, "G-structures and wrapped 
NS5-branes," Commun. Math. Phys. 247 (2004) 421 [arXiv:hep-th/0205050]. 

J. P. Gauntlett, D. Martelli and D. Waldram, "Superstrings with intrinsic torsion," 
Phys. Rev. D 69, 086002 (2004) [arXiv:hep-th/0302158]. 



38 



[15] M. Grana, J. Louis and D. Waldram, "Hitchin functionals in N = 2 supergravity," 
JHEP 0601, 008 (2006) [arXiv:hep-th/0505264]. 

M. Grana, J. Louis and D. Waldram, "SU(3) x SU(3) compactification and mirror 
duals of magnetic fluxes," JHEP 0704, 101 (2007) [arXiv:hep-th/0612237]. 

P. Koerber and L. Martucci, "From ten to four and back again: how to generalize 
the geometry," JHEP 0708 (2007) 059 [arXiv:0707.1038 [hep-th]]. 

D. Cassani and A. Bilal, 'Effective actions and N=l vacuum conditions from SU(3) 
X SU(3) compactifications," JHEP 0709, 076 (2007) [arXiv:0707.3125 [hep-th]]. 

G. Aldazabal, E. Andres, P. G. Camara and M. Grana, "U-dual fluxes and Gener- 
alized Geometry," arXiv: 1007.5509 [hep-th]. 

B. de Wit, H. Samtleben and M. Trigiante, "On Lagrangians and gaugings of max- 
imal supergravities," Nucl. Phys. B 655, 93 (2003) [arXiv:hep-th/0212239]. 

M. Grana, R. Minasian, M. Petrini and A. Tomasiello, "A scan for new N=l vacua 
on twisted tori," JHEP 0705 (2007) 031 [arXiv:hep-th/0609124]. 

E. Cremmer and B. Julia, "The S0(8) Supergravity," Nucl. Phys. B 159, 141 (1979). 

E. Bergshoeff, R. Kallosh, T. Ortin, D. Roest and A. Van Proeyen, "New Formula- 
tions of D=10 Supersymmetry and D8-08 Domain Walls," Class. Quant. Grav. 18, 
3359 (2001) [arXiv:hep-th/0103233]. 



39 



